Introduction
The Tully Valley, located in southern Onondaga County, New York, has a long history of unusual natural hydrogeologic phenomena including mudboils (Kappel, 2009) , landslides (Tamulonis and others, 2009; Pair and others, 2000) , landsurface subsidence (Hackett and others, 2009; Kappel, 2009) , and a brine-filled sinkhole or "Solar pond" ( fig. 1 ), which is documented in this report. A solar pond is a pool of salty water (brine) which stores the sun's energy in the form of heat. The saltwater naturally forms distinct layers with increasing density between transitional zones (haloclines) of rapidly changing specific conductance with depth. In a typical solar pond, the top layer has a low salt content and is often times referred to as the upper convective zone (Lu and others, 2002) . The bottom layer is a concentrated brine that is either convective or temperature stratified dependent on the surrounding environment. Solar insolation is absorbed and stored in the lower, denser brine while the overlying halocline acts as an insulating layer and prevents heat from moving upwards from the lower zone (Lu and others, 2002) . In the case of the Tully Valley solar pond, water within the pond can be over 90 degrees Fahrenheit ( o F) in late summer and early fall. The purpose of this report is to summarize observations at the Tully Valley brine-filled sinkhole and provide supplemental climate data which might affect the pond salinity gradients insolation (solar energy). 
Thermal Energy from Brine Ponds
When thermal energy of brine increases with increasing salinity so does the overall density of the brine, which increases overall enthalpy of the system. (Dittman, 1977) . Within the last 40 years, brine-filled ponds have been studied for heat storage and for supplying thermal energy for power generation and desalination (Lu and others, 2002; TERI, undated) . The largest operational solar pond for electric generation had an area of 2.25 million square feet (ft 2 ), produced 5 megawatts (MW) of power, and was located near the equator in Beit HaArava, Israel; this site operated between 1974 and 1988 (Faiman, undated) . Solar ponds have been used for electrical power generation and heating and cooling around much of the world (Faiman, undated; TERI, undated) . In the late 1990s the U.S. Bureau of Reclamation funded "Thermal Desalination using MEMS (Multi Effect, Multi Stage) and Salinity-Gradient Solar Pond Technology" through the University of Texas at El Paso (Lu and others, 2002) The research summarized the efficiencies and economics of solar ponds used for desalination and the operation and maintenance of salinity-gradient solar ponds. The El Paso Solar Pond Project found economic viability in low-cost ponds of 2.5 acres and larger and were estimated to produce medium-grade, thermal energy (120 to 200 °F) at costs competitive with systems driven by natural gas, especially in areas associated with inland desalination projects (Salinity Gradient Solar Technology, undated).
Full-scale experiments were also conducted by the Ohio State University (OSU) in conjunction with the Department of Agricultural Engineering Greenhouse at the Ohio Agricultural Research and Development Center. The OSU design (12-foot diameter by 4-feet-deep tank) met all the winter heat requirements for a 2,000 ft 2 home or a 1,000 ft 2 greenhouse (Fynn and Short, 1983) . Wherever the research and application, the approach is particularly attractive for rural areas to meet the needs of well-insulated homes and low temperature agricultural applications (Fynn and Short, 1983) .
Tully Valley Solar Pond
The Tully Valley solar pond is the result of a former solution mining well discharging concentrated brine into a sinkhole that formed in a natural bed of lacustrine clay. This sinkhole formed in the early 1950s due to land-surface subsidence as a result of solution-brine mining in the southeastern end of the Tully Valley ( fig. 1 ) between the 1890s and the mid-1980s (Hackett and others, 2009 ). The discharging brine well was sealed in the early 1990s, and the salty pond was discovered during a routine field survey of several sinkholes in the former brine mining area in June 2007. While constructed solar ponds are generally shallow, approximately 10 feet deep and usually have three distinct specific conductance layers, the Tully Valley solar pond is more complex because of its greater depth (approximately 21 feet) and has six distinct layers, which are described later. the first year, profile measurements were made about every 2 months, and data collection ceased in July 2010. These profile measurements were made at the pond surface and 1-foot increments to the bottom of the pond (21 feet). Figure  2 illustrates the 27 periodic, specific conductance profiles over the 40-month period of study. The figure indicates how little the specific conductance zones changed in relation to precipitation, evapotranspiration, and seasonal fluctuations of air temperature, solar irradiance, water clarity, and heat loss to the ground and the atmosphere over this time.
A fresher-water layer (designated S1-Stable Layer 1) was found between the pond's surface and a 2-foot depth; specific conductance varied seasonally between 5,700 and about 20,000 microsiemens per centimeter (uS/cm). Layer S1 0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 is directly affected by evapotranspiration and precipitation at the pond's surface, which in turn, can change the pond's surface elevation and thus surface area. The first halocline layer (designated H1-Halocline Layer 1) is a layer of rapidly changing conductivity with depth and is found between 2 and 4.5 feet deep. Layer H1 acts to partly insulate the layers below, and the specific conductance values in H1 transition from about 20,000 to nearly 40,000 µS/cm. The next layer (S2) is between 4.5 and 7 feet and has specific conductance values that seasonally vary from 40,000 to 60,000 µS/cm. The second halocline layer (H2) is between 7 and about 10 feet, with specific conductance values that are relatively constant but vary by depth between 60,000 and just over 105,000 µS/cm, providing insulation for the layers below; the H2 layer has more consistent conductivity than the H1 layer above based upon the compact nature of the 27 profiles collected in this layer. The third stable layer (S3) from 10 to about 13 feet has a rather narrow and consistent range of conductivity from 105,000 to 115,000 µS/cm. The bottom halocline (H3) displays a uniform specific conductance profile from 115,000 to nearly 140,000 µS/cm where the densest brine in the pond is found. Thermal storage capacity is most prevalent in the deeper layers and is apparently related to the degree of brine saturation, solar irradiance, and water clarity in the S1, H1, and S2 layers. Heat loss occurs at the perimeter of the pond from all layers and back to the atmosphere from only the S1 layer.
Pond Geometry and Clarity
Three acoustic surveys of the pond ( fig. 3 ) were made on April 10, 2008, to determine the shape and calculate the volume of the pond. The pond was found to be a relatively flattened half-sphere with an average surface diameter of 170 feet with an average maximum depth of 21.4 feet. Surface area of the pond was about 22,800 ft 2 , and the volume of the pond was about 324,000 cubic feet.
Water clarity is an important factor for solar irradiance entering the pond. Beginning in October 2008, Secchi disk transparency data were collected to understand how water clarity changed over time. It was found that the deepest Secchi disk observations (>11 feet) occurred in the early spring through mid-summer, while from summer into the fall, clarity diminished to approximately 6 feet, and by early winter with or without ice cover, clarity was reduced to 5 feet or less. Also, usually during the summer, an iridescent sheen was periodically reported floating on the water surface. This sheen was not petroleum based but most likely produced by iron bacteria within the pond as the sheen was easily "broken" into plates whereas a petroleum-based sheen that would immediately flow back together.
Solar Irradiance
The sun emits electromagnetic radiation, (the primary type reaching the earth's surface being infrared radiation), which is measured at the earths' surface in units of watts per square meter (W/m 2 ). The warming of the ground, water, and atmosphere is the direct result of the infrared radiation interacting with the earth's atmosphere and land/water surfaces. The amount of the heating is variable due to the location on the earth's surface (latitude), length of the day-night cycle, position of the sun relative to the earth's surface (seasonality), weather (clouds), and atmospheric pollution.
Solar irradiance for the Tully Valley solar pond was estimated from data collected at the Syracuse International Airport (J. Rennells, Northeast Regional Climate Center, written commun. 
Air Temperature
For the Tully Valley (greater Syracuse, NY. region) the average mean temperature is 48.2 °F, and annual average low and high temperatures range from 17 °F to 84 °F (National Climatic Data Center, 2012 
Water Quality
Water-quality samples were collected by using a Van Doren bottle sampler at the center of the solar pond at depths of 4 feet and 18 feet (Zones S2 and H3) on three occasionsDecember 9, 2008, September 1, 2009, and April 5, 2010. The samples in the upper and lower parts of the pond were collected and processed in a churn splitter in the field using standard USGS techniques (Wilde and others, 1999a and b) and shipped to the USGS Denver, Colorado, water-quality laboratory for analysis. The samples were analyzed for basic inorganic constituents -chloride, fluoride, bromide, sulfate, and alkalinity, total dissolved solids-calcium, iron, magnesium, manganese, potassium, silica, and sodium (table 1), and nutrientsdissolved ammonia, ammonia plus organic nitrogen, nitrite, nitrite plus nitrate, dissolved phosphorus, and orthophosphate (table 2) .
Results of these analyses indicate that most inorganic constituents had greater values at the 18-foot depth with the exception of sulfate which was less concentrated than at the 4-foot depth. pH was lower at the 18-foot depth due to increased alkalinity and an increased calcium concentration than at the 4-foot depth. The nutrient analyses indicate a reduction of ammonia at the 4-foot depth due to nitrification resulting from ammonia oxidation of decomposing plant and animal matter trapped in the bottom of the pond. In addition, phosphorus was greater at an 18-foot depth as a result of dissolved phosphate run-off and decomposing plant matter at the bottom of the pond.
Water Temperature Cycling
Water temperature profiles were also collected along with the specific conductance and salinity profile data The 27 temperature profiles were then used to create isohyetal temperature diagrams for the 3 assessment periods -June to June for 2007-2008, 2008-2009, and 2009-2010 (figs. 7A-C) . The isohyetal temperature diagrams show areas of similar water temperature in the solar pond over time. All three diagrams have similar characteristics-a 90 °F or higher temperature "bubble" that usually begins to form in June of each year at a depth of about 5 to 6 feet, at the bottom of halocline zone (H1), and slowly grows in size and depth over the next several months into the lower layers (S2, H2, S3, and H3).
By late summer, the bubble becomes smaller and remains in the deeper H3 part of the pond through either November or December of each year. The 80 °F bubble starts slightly higher in the H1 zone and usually lasts through February of the following year in the H3 zone before it too dissipates its heat and the water temperature drops into the 70 °F range until early spring, when increasing solar irradiance begins the next heatstorage cycle. During the winter months the upper water surface cools like a regular pond with ice covering the pond surface. Colder temperatures in the 50-60 °F range persist below the upper halocline (H1) zone, but as springtime approaches, the ice melts and water temperature in the pond quickly responds to increased solar irradiance.
Conclusions
The development of a solar pond in the Tully Valley was accidental due to land-surface subsidence adjacent to discharging brine well in a former brine-field area. Although the well was sealed in the early 1990s, the resulting sinkhole was naturally lined with a thick clay deposit which prevented the dense brine from leaking out of the pond since well closure. A series of 27 specific conductance, salinit , and water temperature profiles were made between June 2007 and July 2010 to document the range of the specific conductance and temperature fluctuation that occurred within the pond Three environmental factors were assessed which were likely to affect the ability of the solar pond to gain energysolar irradiance, air temperature, and precipitation-all of which were measured remotely and not at the pond itself. Of the three factors, solar irradiance appears to be the primary driver of increasing water temperature change in this pond each summer. Comparing solar irradiance ( fig. 4) o F "bubble" was smaller than the preceding 2 years. Average monthly air temperature and precipitation did not appear to have any other effect on the pond temperatures as the amount of solar irradiance (sunshine) is directly related to the amount of clouds, which in turn affects air temperature and precipitation. This is consistent with solar pond research discussed previously, whereby solar ponds are closer to the earths equator, where the sun is higher, air temperatures are greater, and precipitation is much less and leads to much more efficient (higher temperature) solar ponds.
The phenomenon of solar-heated ponds was found to have been heavily researched from the 1980s through the end of the 20th century as to their utility to produce electrical power, desalinate water, and provide heat for multiple purposes. Most of this research generally occurred in areas closer to the equator (Texas, Israel), and most of this research ended by the early 2000s due to high operating costs to maintain these solar ponds, reduced funding, and other energy resources (wind and solar cells), which were apparently more efficient to manage.
The information collected at the Tully Valley solar pond indicates that solar ponds, either natural or man-made, may be useful as a renewable energy source for heating rural buildings and homes if operating costs for such ponds could be proven to be cost effective. Further research on the utility of solar ponds in colder climates is a possibility as the world moves toward renewable-resource technologies. This documentation may provide a basis for further evaluation of this technology in the higher latitudes of North America and elsewhere.
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View of the Tully Valley Solar Pond well head during the winter 2010.
